The present study aimed to characterize the dynamics of NDVI and meteorological conditions, relating both to the annual dynamics of biomass accumulation in natural pastures of the Pampa biome as a way of subsidizing growth modeling. Forage accumulation rate data from a long-term experiment, NDVI data from the MODIS images, and meteorological data measured at the surface were used. We verify that the agrometeorological 
INTRODUCTION
The exploration of natural grasslands for livestock production is considered an activity of high economic, social and environmental relevance. In the State of Rio Grande do Sul (RS), Brazil, the Pampa biome natural grasslands are the food base of 14.1 million cattle and 4.1 million sheep (IBGE 2017) . These grasslands are characterized by a wide floristic diversity (Boldrini 1997) with the spatial and temporal variability of the vegetation growth. As a consequence, the climatic conditions affect the forage productivity and are especially important to livestock production (Overbeck et al. 2007) .
In the Pampa biome, the pressure for the change of land use and cover is significant, with area decreasing in annual rates of 410,000 ha only in RS. Besides, there is also degradation and losses of floristic biodiversity resulting from mismanagement actions in livestock production (Pilar and Vélez 2010) . Carvalho (2013) pointed out that, considering that the vocation of natural grasslands is animal production, the first step to undertake adequate productive and sustainable policies is to understand the biome, its potentialities and vulnerabilities, its functioning and the ecological interactions of the individuals that coinhabit and coevolve in it over time.
In this sense, it is known that climatic variability influences all types of vegetation growth and, in the Pampa biome, causes variations in the forage availability to the animals throughout the seasons and also years. In RS State, rainy subtropical climate predominates, without the occurrence of a dry season, however with important variation in energy supply throughout the year and highly variability between years. Thus, the vegetation responds to the climatic conditions with differential growth throughout the year and between years. It is also known that RS is located in a region influenced by the El Niño Southern Oscillation (ENSO) phenomenon (Berlato and Fontana 2003) , allowing a part of the high interannual meteorological conditions variability to be predicted and, therefore, to be used as guidance to the Pampa biome natural grasslands management.
Studies that improve the understanding of the factors that determine the natural grasslands growth and the forage availability for grazing animals are strategic, both to obtain greater profitability of livestock production and for the establishment of strategies for the sustainable use of the Pampa biome grasslands. Also relevant is the establishment of methodologies capable of characterizing the temporal dynamics and the spatial heterogeneity of vegetation growth, emphasizing the use of information collected by remote orbital sensors in the form of vegetation indices (VI).
The VI are obtained from the recording and processing by mathematical operations the electromagnetic energy, at certain intervals of wavelength (bands), coming from the surface and detected by a remote sensor. Very often the red and the near-infrared bands are used to elaborate VI, given its association with some biophysical parameters of the vegetation (Fonseca et al. 2007) and phenology. Therefore, VI shows potential to obtain inferences about growth and development of the vegetation in general (Soudani et al. 2012 ). They also have had, in RS, a significant use in monitoring, either for annual agricultural crops (Junges et al. 2013; Santos et al. 2014; Mengue and Fontana 2015) , for grasslands (Fonseca et al. 2007; Soudani et al. 2012; Wagner et al. 2013; Scottá and Fonseca 2015; Junges et al. 2016) or forests (Berra et al. 2014) .
The data to obtain VI are derived from several sensors, and the choice of sensor type depends fundamentally on the study objectives. When the objective is to generate information of an operational character and regional scope, a sensor that has been highlighted is the MODIS (Moderate Resolution Imaging Spectroradiometer), used in several environmental conditions. The MODIS sensor is aboard two platforms, Acqua and Terra, and it daily obtains images in 36 spectral bands, from which products with different processing levels are generated and distributed free of charge in near real time. The product MOD13Q1, which includes vegetation indices, is one of the most used for monitoring vegetated surfaces due to the spatial and temporal resolutions compatible with the evolution of the main agricultural activities, and not yet available on other sensors.
The hypothesis of this study is that NDVI/MODIS can be used as an indicator of natural grasslands growth, which is associated to the climate conditions and management, and that this information can be useful on the Pampa biome livestock production and sustainability. In this context, the objective of this study was to characterize the dynamics of NDVI and meteorological conditions, relating both to the annual dynamics of biomass accumulation in natural pastures of the Pampa biome as a way of subsidizing growth modeling.
MATERIAL AND METHODS
The area of study corresponded to 64 ha of natural grassland at the Agronomic Experimental Station of the UFRGS -Universidade Federal do Rio Grande do Sul -located in Eldorado do Sul, RS (Figure 1 ). In the experiment, conducted since 1986, different levels of forage allowance are available to cattle throughout the year, which determines that the plots show differences in their floristic composition and in the vegetation growth and development throughout the year and in between years. The adjustment of stocking for maintenance of the recommended forage allowance is carried out by means of the continuous grazing method with variable stocking rate. The experimental animals used were beef heifers from crosses among the Angus, Hereford and Nelore breeds, with a live weight of 244.8 ± 39.0 kg, allocated annually in the experimental units. In the present study, the treatment was evaluated between 2000 and 2013, in which the forage allowance corresponds to approximately 12 kg of dry matter (DM) per 100 kg of live weight (LW) throughout the year (Moderate Supply), which is considered the management that provides the best relation between animal and vegetal production (Carvalho 2013) .
The Forage Accumulation Rate (FAR), expressed in kg DM/ha/day, was determined every 28 days using four grazing exclusion cages per experimental unit, according to the methodology by Klingman et al. (1943) . Three experimental units were demarcated for the treatment of moderate grazing intensity, using GPS (Global Positioning System), according to the delimitation of three pixels of the MODIS sensor images (250 meters of spatial resolution). NDVI (Normalized Difference Vegetation Index) was obtained from the composition images of maximum value of 16 days of the MODIS sensor, product MOD13Q1, for the period from 2000 to 2013, acquired from NASA (NASA 2016) . The processing of transformation, mosaicking and extraction of values from the areas of interest of the images was performed in the Envi 5.2 software.
For the same period, data on global solar radiation (Rs), air temperature (T) and relative air humidity (RH), wind velocity (v) and rainfall (r) from an automatic weather Experimental plots station located near the experimental area were used for monitoring the weather conditions (UFRGS 2016). Water deficit and the frost index were also determined.
The water deficit (DEF) was measured through the meteorological water balance (Thornthwaite and Matter 1955) , considering the soil water storage capacity (WSC) of 40 mm and the potential evapotranspiration (PET) estimated by the Penman equation (1956) .
The frost damage index (FI) was calculated (Eq. 1) based on the frequency of occurrence of ranges of weighted absolute minimum temperatures (Tabs min ) (Cunha et al. 2005) : weight 1: 2 °C > Tabs min > 0 °C; weight 2: 0 °C > Tabs min > -2 °C; and weight 3: Tabs min < -2 °C.
( 1) where f1, f2 and f3 are the frequencies (%) of occurrence of Tabs min in each range. All meteorological data were made compatible with the MODIS images, calculating the means (Rs, T) or totals (r, PET, DEF and FI) for periods of 16 days, grouped by month and season: spring (from September 2 nd to December 1 st ), summer (from December 2 nd to March 1 st ), autumn (from March 2 nd to June 1 st ) and winter (from June 2 nd to September 1 st ). This procedure was performed to allow comparisons among FAR (evaluated every 28 days), MODIS images (obtained every 16 days) and meteorological data (daily data). For the monthly data generation, we considered the mean of the two 16-days composites in the month, with the exception of August, in which only one image was used.
In order to represent the average pattern and the variability of the data series, box plots were prepared for the four seasons, and a Pearson correlation analysis was carried out among variables (p < 0.05) for each season separately.
For the analysis of the effects associated with ENSO events on NDVI variability of the Pampa biome grasslands, the hot and cold events of the phenomenon were initially identified. The identification of these events was based on the National Oceanic and Atmospheric Administration (NOAA) classification, which considers the deviation of ± 0.5 °C in the average SST (3-month moving average of anomaly in the Niño 3.4 region, for at least five months) to identify the quarters regarding the seasons (CPC 2016) . A case study of the 2009/2010 (El Niño) and of the 2011/2012 (La Niña) ENSO events was carried out, and data on water deficit, NDVI and FAR were graphically represented. The choice criterion was the occurrence of events in very close years and with availability of experimental data. NDVI anomalies were also calculated for each year in relation to the average of the whole period considering the seasons separately. Finally, the years of occurrence of the ENSO phenomenon were identified and NDVI anomaly value was compared to the NDVI standard deviation in the season for testing the significance.
RESULTS AND DISCUSSION
Consistent with the high spatial and temporal variability of the vegetation that composes the Pampa biome natural grasslands (Overbeck et al. 2007) , a high temporal variability of NDVI and forage accumulation rate was verified (Figure 2 ). In this study, these data were used as indicators of the vegetation growth and development.
The differences observed in NDVI among seasons are significant and are associated with the subtropical climate prevailing in the region. As there is no seasonal rainfall in the State (Figure 3e ), from the climatic point of view (average condition), the variations in the atmospheric evaporative demand (PET - Figure 3c ) throughout the year determine the occurrence of water deficits. Nevertheless, in meteorological terms (condition of a given moment), the high interannual variability of rainfall is an isolated meteorological element most associated with the variability of agricultural production in the RS State (Sentelhas et al. 2015) .
The NDVI and the FAR presented lower values during winter, considered the critical season for livestock production in the Pampa biome natural grasslands (Mezzalira et al. 2012) . Reduction in NDVI and FAR is mainly determined by the lower availability of energy in the environment, since the hydric issue is not limiting. The lower solar radiation and air temperature (Figure 3a and 3b) lead to a reduction of the biomass available in the fields (Figure 2 ). In addition, low temperature adverse events (frost index - Figure 3d 
energy availability (solar radiation and air temperature), as well as the growth of C4 species in the Pampa biome natural grasslands (Boldrini 1997) . However, during summer this increment is often limited, and there were decrease in NDVI and FAR due to the occurrence of water deficits with the more atmospheric evaporative demand (Figure 3f ). In these situations, the water limitation in the soil leads to restricted resources for plant growth, which is insufficient (Rueda et al. 2013 ). The effect of water deficit on the reduction of NDVI values during summer has already been described in similar studies in this region (Wagner et al. 2013; Kuplich et al. 2013) , being characterized as the main adverse meteorological event at this season and, therefore, associated with agricultural losses (Berlato and Fontana 2003) . During autumn, the NDVI values were also high and statistically similar to those observed in spring and summer (Figure 2 ). This result may be associated with the beginning of growth and development of the C3 forage species, with higher concentrations of nitrogen in the leaf mesophyll (Paciullo 2002) . In addition, the adverse events, both from thermal (FI) and hydric (DEF) points of view, show a low frequency in this season. Although high levels of NDVI were observed during autumn, a reduction in FAR values in relation to the summer was observed. This response is commonly observed in the Pampa biome natural grasslands due to the low concentration of C3 species in the plant community (Overbeck et al. 2007) .
The quantification of the meteorological elements effect on NDVI and FAR throughout the year can be observed through the Pearson correlation analysis (Table 1) . It is verified that the highest correlation coefficients were obtained during summer among NDVI and Rs (-0.59), PET (-0.64) and DEF (-0.73), all negatively correlated, indicating, that NDVI is greater in conditions of adequate hydric supply. Also during spring and autumn, the inverse relation between NDVI and DEF was verified. In the other seasons, the correlation coefficients were lower. During autumn, temperature and NDVI showed a positive correlation.
In the analysis by season, the correlation coefficients between meteorological data and FAR were, in general, lower than those observed with NDVI, however, they presented a similar relation pattern. On the other hand, the correlation between NDVI and the FAR was positive and statistically significant in three of the four seasons (summer, autumn and winter). In the annual analysis, the opposite was verified. The correlation coefficients were higher between meteorological data with FAR than with NDVI. Given the similar distribution of rainfall throughout the year, this was the only meteorological element that did not show association with the FAR annual pattern.
These results indicated that the use of spectral indices, associated with agrometeorological elements, similarly to what has been done for annual grain crops (Junges and Fontana 2011; Mabilana et al. 2012; Klering et al. 2016) , is an approach to be tested for the modeling of forage accumulation in natural grasslands. The correlations established in this study indicated which elements should be considered in the natural grasslands growth models adjustment.
With a similar approach, however, using images from the ETM+ sensor aboard the Landsat 7 satellite, Fonseca et al. (2007) proposed a model based on the development of two conceptual models: the submodel of forage production estimation (parameters: photosynthetically active radiation and potential and actual evapotranspiration) and the spectral submodel (parameters: reflectance in the regions of red and near and mid infrared). The parameterized model was sensitive to express the spatial variations in the forage availability and the decrease in production due to the occurrence of water deficit during the period of vegetative growth of the plants in two municipalities of RS State. The contribution of this study is mainly based on the fact that, due to the spatial and temporal resolution of MODIS images, the forage accumulation in the natural grasslands in regional analyzes is evidenced. This scope can contribute to a better understanding of the functioning and, consequently, to actions that seek greater sustainability to the Pampa biome.
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The smallest amount of FAR data was due to problems in the collection of experimental data in that year. The relation between the seasons and ENSO phases ( Figure 5 ) indicated that during autumn, there was higher frequency of NDVI anomalies with higher absolute values, (negatives and positives), generally associated with a neutral condition. This shows that, although there is a high growth variability of natural grasslands, the ENSO phenomenon has little interference even in this season. During summer, a higher frequency of positive anomalies is observed in the evaluated years, however, of low value. During spring, the anomalies in NDVI and FAR presented a lower magnitude, however, two El Niño events were associated with the positive anomalies, and two La Niña events were associated with a negative anomaly. This is the type of association expected between the ENSO and the vegetation for the southwestern South American conditions (Berlato and Fontana 2003) . During winter, both positive and negative anomalies associated with El Niño and Neutral events were observed, and a consistent pattern was not determined.
The results indicate a tendency of negative influence of La Niña events on NDVI values, especially during spring-summer period, due to the occurrence of belowaverage rainfall. In these years, the occurrence of water deficit may cause less forage accumulation. It is also important to note that, in La Niña years, most of the months present negative air temperature anomalies (up to 1,5 °C), especially in October and November (Berlato and Fontana 2003) . The forage species growth during spring may then be impaired by the lower air temperatures in La Niña years, as indicated by the NDVI negative deviations during 2011 spring.
In future works, it is recommended to analyze the effect in the correlations caused by filtering NDVI time series for outliers removal, as well as to introduce the lag between the meteorological variables and the NDVI response.
Considering the possibility of predicting the occurrence of ENSO events with a reasonable level of reliability, we can use the information obtained in this study to support management targets to livestock production in natural grasslands during the prevalence of ENSO event. In RS, the COPAAERGS (Conselho Permanente de Agrometeorologia aplicada do Estado do Rio Grande do Sul) forum brings together technicians at least four times a year to elaborate recommendations on crop, field and orchard management. These recommendations are based on Sazonal Climate Forecast prepared by international institutes, as International Research Institute for Climate and Society. The information provision that serves as a subsidy for the preparation of technical recommendations may contribute to the conservation and sustainability of the Pampa biome.
The results presented confirmed the expected trends in terms of natural grasslands responses to weather and climate conditions. The main contribution of this study is to confirm the viability of the use of free and available in near real time orbital images to infer about the natural grasslands condition in the south of Brazil. Such information can be used by farmers to align management practices, or by decision makers in the sector.
CONCLUSION
The agrometeorological element associated to forage accumulation in the Pampa biome natural grasslands is different according to the season, which is typical of the predominant subtropical climate in the region.
Winter is the critical season for livestock production due to lower forage accumulation rate and lower NDVI values, conditioned by solar radiation and air temperature decrease. During summer, the limiting factor for natural grasslands growth is the hydric condition.
There is variability in the meteorological conditions associated with the ENSO phenomenon. The El Niño is favorable and the La Niña is unfavorable for growth of natural grasslands, especially during spring-summer period.
The combined use of spectral indices with agrometeorological elements is recommended for fitting forage accumulation models in the Pampa biome natural grasslands.
